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1.0  INTRODUCTION 


The  Air  Force  Armament  Laboratory  (AFATL)  h.is  sponsored  a continuing  program 
to  evaluate  the  aerodynamic  characteristics  of  bodies  ir.  a complex  flow  field.  Given  in 
Ref.  1 are  data  obtained  for  the  M-l  17  bomb  at  various  store  locations  and  orientations 
relative  to  an  isolated  triple  ejection  rack  (TER).  This  report  presents  test  results  which 
are  an  extension  of  that  work  and  which  were  obtained  in  the  Aerodynamic  Wind  Tunnel 
(4T)  of  the  Propulsion  Wind  Tunnel  Facility  (PWT).  The  validity  of  weapon  aerodynamic 
characteristics  in  a complex  flow  field  acquired  from  theoretical  calculations  was 
investigated  during  both  wind  tunnel  tests.  However,  the  present  test  investigated  not  only 
the  aerodynamic  flow  field  induced  by  an  isolated  TER  but  also  the  aerodynamic  flow 
field  induced  by  a TER  mounted  on  a pylon  of  a half-span  wing  similar  to  the  wing 
of  an  F-4  aircraft.  The  wing  design,  a flat  plate  with  rounded  leading  edge  and  tapered 
trailing  edge,  was  chosen  to  simplify  fabrication  requirements.  The  wing  planform  was 
that  of  the  actual  F-4  wing  with  the  span  extended  to  the  point  of  intersection  of  the 
leading  and  trailing  edges.  The  extended  wing  span,  in  conjunction  with  the  inboard  end 
plate,  gave  an  effective  aspect  ratio  equal  to  that  of  the  actual  F-4  wing. 

Aerodynamic  characteristics  of  1/10-scale  models  of  various  weapon  shapes  were 
obtained  at  Mach  numbers  from  0.5  to  1.3.  Free-stream  aerodynamic  loads  and  pressure 
distribution  data  were  obtained  for  all  store  models  at  angles  of  attack  from  -20  to  20 
deg.  Induced  aerodynamic  loads  and  pressure  distribution  data  were  obtained  at  angles 
of  attack  of  0 and  5 deg.  Separation  trajectories  were  obtained  for  a simulated  altitude 
of  5,000  ft  at  an  angle  of  attack  of  zero. 


2.0  APPARATUS 


2.1  TEST  FACILITY 


Tunnel  4T  is  a closed-loop,  continuous  flow,  variable  density  tunnel  in  which  the 
Mach  number  can  be  varied  from  0.1  to  1.3.  At  all  Mach  numbers,  the  stagnation  pressure 
can  be  varied  from  300  to  3700  psfa.  The  test  section  is  4 ft  square  and  12.5  ft  long 
with  perforated,  variable  porosity  (0.5-  to  10-percent  open)  walls.  It  is  completely  enclosed 
in  a plenum  chamber  from  which  the  air  can  be  evacuated,  allowing  part  of  the  tunnel 
airflow  to  be  removed  through  the  perforated  walls  of  the  test  section.  A more  thorough 
description  of  the  tunnel  is  given  in  Ref.  2. 

For  store  separation  and  aerodynamic  grid  survey  testing,  two  separate  and 
independent  support  systems  are  used  to  support  the  models.  The  parent  aircraft  model 
is  inverted  in  the  test  section  and  supported  by  an  offset  sting  attached  to  the  main 
pitch  sector.  The  store  model  is  supported  by  the  captive  trajectory  support  (CTS)  which 
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extends  down  from  the  tunnel  top  wall  and  provides  store  movement  (6  deg  of  freedom) 
independent  of  the  parent-aircraft  model.  An  isometric  drawing  of  a typical  store  separation 
installation  is  shown  in  Fig.  1.  For  the  present  test,  the  parent  aircraft  model  consisted 
of  a half-span  wing  only. 

Also  shown  in  Fig.  1 is  a block  diagram  of  the  computer  control  loop  used  during 
captive  trajectory  testing.  The  analog  system  and  the  digital  computer  work  as  an  integrated 
unit  and,  utilizing  required  input  information,  control  the  store  movement  during  a 
trajectory.  Store  positioning  is  accomplished  by  use  of  six  individual  d-c  electric  motors. 
Maximum  translational  travel  of  the  CTS  is  ±15  in.  from  the  tunnel  centerline  in  the 
lateral  and  vertical  directions  and  36  in.  in  the  axial  direction.  Maximum  angular 
displacements  are  ±45  deg  in  pitch  and  yaw  and  ±360  deg  in  roll.  A more  complete 
description  of  the  test  facility  can  be  found  in  Ref.  2.  A schematic  showing  the  test 
section  details  and  the  location  of  the  models  in  the  tunnel  is  shown  in  Fig.  2. 

2.2  TEST  ARTICLES 


During  both  aerodynamic  loads  and  pressure  distribution  data  acquisition  phases, 
1/10-scale  models  of  the  M- 117  bomb  (standard  and  modified  boattail)  and  the  maximum 
volume  bombs  (16-in.,  14-in.,  and  12-in.  diam)  were  used.  Details  and  dimensions  of  the 
force  models  are  shown  in  Fig.  3.  At  zero  roll  orientation,  the  fins  on  all  force  models 
were  at  45  deg  with  respect  to  the  Yp-Zp  axis  system  (e.g.,  Fig.  3b).  Also  shown,  in 
Fig.  3c,  are  both  the  FMU-56  and  FMU-1 10  fuse  shapes  which  were  used  in  conjunction 
with  both  force  and  pressure  models  of  the  maximum  volume  bombs.  Presented  in  Fig. 
4 are  the  details  and  dimensions  of  the  pressure  distribution  models.  The  pressure  models 
were  unfinned  and  had  25  pressure  orifices  distributed  along  their  length.  At  zero  roll 
orientation,  the  pressure  orifices  were  adjacent  to  the  pylon  or  TER  surface.  Two  geometric 
configurations  were  used  as  models  of  the  TER:  one  which  represented  the  true  physical 
geometry  and  another,  a body  of  revolution,  which  was  used  to  generate  a flow 
field  similar  to  that  of  the  actual  TER.  Details  and  dimensions  of  these  two  TER 
configurations  are  given  in  Figs.  5 and  6,  respectively. 

A major  portion  of  the  test  was  conducted  using  the  geometric  TER  mounted  on 
a pylon  on  the  fiat-plate,  half-wing  configuration  which  simulated  the  F-4  aircraft  wing 
with  inboard  pylon.  Details  and  dimensions  of  the  pylon  and  wing  are  shown  in  Figs. 
7 and  8,  respectively.  A photograph  of  this  test  configuration  installed  in  the  tunnel  is 
shown  in  Fig.  9.  In  this  photograph,  the  store  models  are  mounted  at  the  45-deg  roll 
orientation. 
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2.3  INSTRUMENTATION 

2.3.1  Captive  Trajectory  and  Aerodynamic  Loads  Survey  Phase 

A 0.75-in.-diam,  six-component,  internal  strain-gage  balance  was  used  to  measure 
aerodynamic  loads  acting  on  the  store  models.  Translational  and  angular  positions  of  the 
store  models  were  obtained  from  the  CTS  analog  outputs. 


The  pylon  and  TER  were  instrumented  with  a spring-loaded  plunger  (touch  wire) 
which  extended  approximately  0.10  in.  below  the  pylon  or  rack  surface,  to  provide  an 
indication  of  when  the  store  was  in  its  carriage  position.  This  system  was  electrically  wired 
to  give  a visual  indication  on  the  control  console  when  contact  between  the  store  model 
and  touch  wire  was  made.  The  system  was  also  electrically  connected  to  automatically 
stop  the  CTS  movement  if  the  store  model  or  its  sting  support  contacted  the  rack,  pylon, 
wing,  or  its  support  structure. 


2.3.2  Aerodynamic  Pressure  Survey  Phase 


Static  pressures  along  the  length  of  the  store  models  were  measured  using  15-psid 
transducers  which  were  referenced  to  the  tunnel  plenum  chamber  static  pressure 
(approximately  equal  to  free-stream  static  pressure).  Store  movements  and  positioning  were 
accomplished  in  the  same  manner  as  for  the  captive  trajectory  and  aerodynamic  loads 
survey  phase. 


3.0  TEST  DESCRIPTION 


3.1  TEST  CONDITIONS 


Data  were  obtained  at  Mach  numbers  from  0.5  to  1.3  while  the  tunnel  dynamic 
pressure  varied  from  1 50  to  620  psf.  The  wing-model  angle  of  attack  was  set  at  2 or  7 deg, 
resulting  in  TER  and  store  angles  of  0 or  5 deg,  respectively.  Wind  tunnel  test  conditions 
were  held  constant  at  the  desired  Mach  number  and  dynamic  pressure  while  data  were 
obtained.  Data  acquisition  terminated  automatically  during  the  grid  surveys  when  data  from 
the  preselected  model  positions  and  attitudes  were  obtained.  Trajectories  were  terminated 
manually  when  sufficient  data  were  obtained,  when  the  CTS  reached  a travel  limit,  or 
when  the  store  or  its  support  sting  contacted  the  wing  or  its  support  structure.  A summary 
of  trajectory  test  conditions  at  which  data  were  obtained  is  presented  in  Table  1.  A 
summary  of  aerodynamic  loads  and  pressure  surveys  at  which  data  were  obtained  is 
presented  in  Tables  2 and  3,  respectively. 
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To  obtain  captive  trajectory  and  aerodynamic  grid  survey  data,  test  conditions  were 
established  in  the  tunnel  and  the  parent  model  was  positioned  at  the  desired  angle  of 
attack.  The  store  model  was  then  oriented  to  a position  corresponding  to  the  store  carriage 
location.  After  the  store  was  set  at  the  desired  initial  position,  operational  control  of 
the  CTS  was  switched  to  the  digital  computer,  which  controlled  the  store  movement 
through  commands  to  the  CTS  analog  system  (see  block  diagram,  Fig.  1).  Data  from  the 
wind  tunnel,  consisting  of  measured  model  forces  and  moments,  measured  model  static 
pressures,  wind  tunnel  operating  conditions,  and  CTS  rig  positions,  were  input  to  the  digital 
computer  for  use  in  the  full-scale  calculations. 


During  captive  trajectory  data  acquisition,  the  digital  computer  was  programmed  to 
solve  the  (6-deg-of-freedom)  equations  to  calculate  the  angular  and  linear  displacements 
o the  store  relative  to  the  parent  aircraft  pylon.  In  general,  the  program  involves  using 
the  last  two  successive  measured  values  of  each  aerodynamic  coefficient  to  predict 
the  magnitude  of  the  coefficients  over  the  next  time  interval  of  the  trajectory.  These 
predicted  values  are  used  to  calculate  the  new  position  and  attitude  of  the  store  at  the 
end  of  the  time  interval.  The  CTS  is  then  commanded  to  move  the  store  model  to  this 
new  position  and  the  aerodynamic  loads  are  measured.  If  these  new  measurements  agree 
wi  the  predicted  values,  the  process  is  continued  over  another  time  interval  of  the  same 
magnitude.  It  the  measured  and  predicted  values  do  not  agree  within  the  desired  precision, 
the  calculation  is  repeated  over  a time  interval  one-half  the  previous  value.  This  process 
IS  repeated  until  a complete  trajectory  has  been  obtained. 

When  the  wind  tunnel  data  are  applied  to  the  calculations  of  the  full-scale  store 
trajectories,  the  measured  forces  and  moments  are  reduced  to  coefficient  form  and  then 
apphed  with  proper  full-scale  store  dimensions  and  flight  dynamic  pressure.  Dynamic 
pi  ess u re  was  calculated  using  a flight  velocity  equal  to  the  free-stream  velocity  component 

plus  t «e  components  of  store  velocity  relative  to  the  aircraft,  and  a density  corresponding 
to  the  simulated  altitude. 


The  initial  portion  of  each  launch  trajectory  incorporated  simulated  ejector  forces 
in  addition  to  the  measured  aerodynamic  forces  acting  on  the  store.  The  ejector  force 
was  1 200  lb  acting  over  a distance  of  0.255  ft,  full  scale.  The  ejector  force  was  considered 
to  act  perpendicular  to  the  rack  or  pylon  mounting  surface.  The  locations  of  the  applied 

ejector  forces  and  other  full-scale  store  parameters  used  in  the  trajectory  calculations  are 
listed  in  Table  4. 
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3.3  CORRECTIONS 

3.3.1  Captive  Trajectory  and  Aerodynamic  Loads  Survey  Phase 

Balance,  sting,  and  support  deflections  caused  by  the  aerodynamic  loads  on  the  store 
models  were  accounted  for  in  the  data  reduction  program  to  calculate  the  true  store-model 
angles.  Corrections  were  also  made  for  model  weight  tares  to  calculate  the  net  aerodynamic 
forces  on  the  store  model. 

3.3.2  Aerodynamic  Pressure  Survey  Phase 

Support  deflections  caused  by  the  aerodynamic  loads  on  the  wing  were  accounted 
for  during  the  positioning  of  the  wing  to  the  desired  angle  of  attack. 

3.4  PRECISION  OF  DATA 

Estimated  uncertainties  in  store-model  positioning  resulting  from  the  ability  of  the 
CTS  to  set  on  a specified  value  were  ±0.05  in.  for  translational  settings,  ±0.15  deg  in 
pitch  and  yaw,  and  ±1.0  deg  in  roll.  The  Mach  number  was  held  constant  within  ±0.005 
of  the  quoted  Mach  number  with  an  estimated  uncertainty  of  ±0.003. 

3.4.1  Aerodynamic  Loads  Survey 

Uncertainties  in  the  aerodynamic  coefficient  data  were  calculated  taking  into 
consideration  the  probable  inaccuracies  in  the  balance  measurements  and  tunnel  conditions. 
The  uncertainties  in  the  coefficients  are  based  on  a 95-percent  confidence  level,  ignoring 
bias  errors,  and  are  as  follows: 


■ 

I 


Store 

ACn 

ACy 

ACa 

ACg 

ACm 

ACn 

M-117 

±0.007 

±0.008 

±0.01 

±0.004 

±0.01 

±0.009 

1 6-in.-diam 
Maximum  Volume 

±0.007 

±0.008 

±0.01 

±0.004 

±0.01 

±0.007 

l4-in.-diam 
Maximum  Volume 

±0.008 

±0.010 

±0.02 

±0.006 

±0.02 

±0.010 

12-in.-diam 
Maximum  Volume 

±0.009 

±0.020 

±0.02 

±0.009 

±0.03 

±0.020 

: 
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The  uncertainty  in  setting  wing-model  angle  of  attack  was  ±0.1  deg.  However,  at  a wing 
angle  of  attack  of  7 deg  (TER  angle  of  5 deg),  bias  errors  attributable  to  aerodynamic 
loading  of  the  wing  were  estimated  to  be  on  the  order  of  0.3  deg. 

3.4.2  Captive  Trajectory  Data 


Extrapolation 

tolerances  in  the 

trajectory  integration  procedure  were 

±0.1  for  all 

aerodynamic  coefficients.  Estimates  of  the  uncertainties  in 

the  trajectory  data  attributable 

i i 
] 

to  balance  precision  limitations  were 

made  for 

the  store 

models 

at  given 

times  in  the 

1 1 

trajectory  and  were  found 

to  be  as 

follows: 

1 

Store 

t,  sec 

AXP,  ft 

AYp,  ft 

AZp,  ft 

A 6,  deg 

A\p,  deg  A <p,  deg 

{ i 

M- 117 

0.2 

±0.01 

±0.006 

±0.003 

±0.3 

±0.2 

±1.0 

1 

0.4 

±0.04 

±0.02 

±0.01 

±1.0 

±0.7 

±5.0 

i 

16-in.-diam 

■ 

Maximum  Volume 

0.2 

±0.009 

±0.006 

±0.003 

±0.2 

±0.1 

±1.0 

0.4 

±0.04 

±0.02 

±0.01 

±0.9 

±0.5 

±5.0 

14-in.-diam 

a 

Maximum  Volume 

0.2 

±0.01 

±0.007 

±0.004 

±0.3 

±0.2 

±2.0 

0.4 

±0.05 

±0.03 

±0.02 

±1.0 

±0.7 

±8.0 

12-in.-diam 

Maximum  Volume 

0.2 

±0.02 

±0.01 

±0.006 

±0.4 

±0.2 

± 3.0 

0.4 

±0.07 

±0.04 

±0.02 

±2.0 

±1.0 

±14.0 

The  uncertainty  in  setting  wing-model  angle  of  attack  was  estimated  to  be  ±0.1  deg  with 
a bias  error  attributable  to  aerodynamic  loads  at  0 angle  of  attack  on  the  order  of  0.1 
deg. 


3.4.3  Aerodynamic  Pressure  Phase 

j 

Uncertainties  in  the  data  were  calculated  taking  into  consideration  the  probable 
inaccuracies  in  the  pressure  transducer  measurements  and  tunnel  conditions.  The 
uncertainties  in  the  pressure  coefficients  are  based  on  a 95-percent  confidence  level,  ignoring 
bias  errors,  and  are  as  follows: 
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Pressures  were  monitored  in  order  to  obtain  the  appropriate  lag  times,  which  were  used 
to  set  data  acquisition  time  intervals.  These  time  intervals  allowed  pressure  transducer 
stabilization  to  occur  before  data  were  recorded.  The  estimated  uncertainty  in  setting  angle 
of  attack  was  ±0.1  deg.  Estimates  of  aerodynamic  wing  loading  were  used  to  eliminate 
bias  errors  in  setting  angle  of  attack  during  this  phase  of  testing. 


4.0  RESULTS  AND  DISCUSSION 


4.1  FREE-STREAM  DATA 


Free-stream  force  data  for  the  M-117  and  maximum  volume  bombs  are  presented 
in  Figs.  10  and  11,  respectively,  as  a function  of  store-model  angle  of  attack.  Nonlinear 
variations  of  CN  and  Cm  with  respect  to  angle  of  attack  are  evident  for  all  Mach  numbers. 
Static  margins  of  the  M-117  store  models  were  approximately  one  caliber,  whereas  the 
static  margins  of  the  maximum  volume  bombs  increased  from  approximately  0 to  0.8 
calibers  as  body  diameter  decreased.  These  static  margins  are  based  on  the  eg  locations 
given  in  Table  2. 


Longitudinal  pressure  distribution  data  obtained  with  each  pressure  model  in  the  free 
stream  at  a = 0 are  presented  in  Figs.  12  and  13.  The  flow  expansion  which  occurs  on 
the  standard  M-117  configuration  at  an  X/L  value  of  0.48  is  eliminated  by  use  of  the 
modified  boattail.  The  overexpansion  of  the  flow  on  the  hemisphere  nose  and  the  local 
shock  wave  formation  at  an  X/L  value  of  0.2  on  the  16-in.-diam  pressure  model  at  a 
Mach  number  of  0.9  are  attenuated  with  decreasing  model  diameter.  Similar,  but  less 
pronounced,  effects  are  also  present  at  Mach  numbers  of  0.5  and  1.1.  Although  no 
explanation  of  this  change  is  available  based  on  the  present  data,  the  effect  is  similar 
to  that  seen  on  smooth  spheres  in  subsonic  flow  with  similar  variations  in  Reynolds  number 
(150,000  to  400,000,  based  on  diameter). 


4.2  INDUCED  AERODYNAMIC  LOADS  DATA 


The  M-117  model  was  tested  with  two  boattail  geometries.  One  of  these  theoretically 
reduces  store  separation  trajectory  problems  encountered  at  the  number  one  station  of 
the  TER  at  transonic  flight  speeds  by  eliminating  flow  separation  over  the  store  afterbody. 
This  should  make  the  tail  section  more  aerodynamically  effective.  The  maximum  volume 
bombs  were  tested  with  and  without  the  two  fuse  shapes  shown  in  Fig.  3c. 


4.2.1  Carriage  Position  Data 


Presented  in  Figs.  14  through  24  are  data  obtained  on  all  store  models  at  the  number 
one  TER  carriage  position.  Aerodynamic  coefficients  for  the  standard  M-117  configuration 
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in  the  flow  field  of  the  isolated  (without  the  wing-pylon  configuration)  simulated  and 
geometrical  TER  shapes  are  presented  in  Figs.  14  and  15,  respectively,  as  a function  of 
Mach  number.  The  data  presented  in  Fig.  15  were  taken  from  Ref.  1.  A comparison  of 
the  data  indicates  that  there  are  differences  between  the  loads  measured  near  the  simulated 
TER  model  and  those  measured  near  the  geometrical  TER  model  at  the  number  one  carriage 
position. 


Shown  in  Fig.  16  are  the  aerodynamic  coefficients  of  the  standard  M-l  17  configuration 
at  the  carriage  position  on  the  pylon  (without  TER)  of  the  wing  as  a function  of  Mach 
number.  No  large  force  or  moment  coefficients  can  be  seen  throughout  the  Mach  number 
range. 


Aerodynamic  coefficients  as  a function  of  Mach  number  for  the  M-l  17  and  maximum 
volume  bombs  at  the  number  one  carriage  position  of  the  geometrical  TER  shape  mounted 
on  the  pylon  of  the  wing  are  shown  in  Figs.  17  and  18,  respectively.  Unlike  the  pylon 
carriage  configuration,  the  normal-force,  pitching-moment,  side-force,  and  yawing-moment 
coefficients  exhibit  large  variations  with  increasing  Mach  number.  This  is  the  apparent 
result  of  induced  aerodynamic  interactions  plus  local  shock  wave  formations  between  the 
rack  components.  An  analogy  can  be  made  between  the  large  nose-down  pitching-moment 
coefficients  seen  at  Mach  numbers  above  0.5  and  the  oil-smear  flow  visualization 
photograph  shown  in  Fig.  19.  This  photograph  shows  large  aerodynamically  induced 
downwash  at  the  nose  accompanied  by  upwash  on  the  tail  of  the  M-l  17  bomb  at  the 
number  one  TER  carriage  position.  The  photograph  was  obtained  from  tests  conducted 
by  and  at  the  Air  Force  Academy. 


The  effect  of  altering  the  boattail  of  the  M-l  1 7 bomb  is  shown  in  Fig.  1 7.  A significant 
effect  in  the  yawing-moment  coefficient  can  be  seen  although  the  anticipated  reduction 
of  the  negative  pitching-moment  coefficient  does  not  occur.  Store  model  body  diameter 
effects  are  shown  in  Fig.  18.  Again,  the  magnitude  of  the  negative  pitching-moment 
coefficients  is  not  significantly  affected  even  though  the  normal-force  coefficients  change 
drastically  as  the  store  diameter  is  decreased  at  the  higher  Mach  number. 


The  large  negative  pitching-moment  coefficients  which  occur  for  all  store  body  shapes 
would  seem  to  indicate  that  body  geometry  is  not  a predominant  factor  in  producing 
the  pitching-moment  coefficients  at  the  number  one  TER  carriage  position. 


Data  were  obtained  for  both  of  the  M-l  17  shapes  and  the  14-in.-diam  maximum 
volume  bomb  at  the  number  one  TER  carriage  position  with  A </>  = 45  deg  (fins  parallel 
to  the  YP  and  ZP  coordinate  axes).  These  data  are  presented  in  Figs.  20  and  21  as 
a function  of  Mach  number.  A comparison  of  these  data  with  data  given  in  Figs.  17 
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and  1 8 (A0  = 0)  shows  only  small  variations  in  aerodynamic  coefficients  with  the  exception 
of  normal-force  coefficients  for  the  14-in.-diam  store  model. 

Airloads  data  for  all  store  models  at  5 deg  angle  of  attack  are  presented  in  Figs. 
22  and  23.  These  data,  compared  with  data  given  in  Figs.  17  and  18  (a  = 0),  show  decreased 
negative  pitching-moment  coefficients  for  all  store  models  at  the  carriage  position. 
Increasing  angle  of  attack  alters  the  induced  aerodynamic  flow  field  about  the  store  in 
the  number  one  TER  carriage  position.  Data  obtained  in  this  induced  flow  field,  Fig. 
23,  show  that  pitching-moment  coefficients  become  sensitive  to  changes  in  body  diameter. 
In  general,  normal-force  coefficients  did  not  increase  with  increasing  angle  of  attack  but 
did  show  a reduction  in  their  variation  with  increasing  Mach  number. 

The  effects  of  the  two  fuse  shapes  (see  Fig.  3c)  on  the  aerodynamic  characteristics 
of  the  12-in.-diam  maximum  volume  bomb  are  presented  in  Fig.  24  as  a function  of  Mach 
number.  The  addition  of  the  FMU-110  fuse  reduced  the  nose-down  pitching-moment 
coefficients  at  the  carriage  position  at  all  Mach  numbers.  Similar  effects  were  seen  on 
the  16-in.-diam  bomb;  however,  no  effects  of  the  fuses  were  seen  on  the  14-in.-diam  bomb. 

4.2.2  Grid  Survey  Data 

Presented  in  Figs.  25  through  34  are  data  obtained  on  store  models  at  various  vertical 
and  angular  displacements  relative  to  the  number  one  TER  carriage  position.  Typical  of 
the  aerodynamic  coefficient  data  obtained  on  the  standard  M-117  configuration  in  the 
flow  field  of  the  wing  plus  pylon  (without  TER)  are  the  plots  presented  in  Fig.  25.  The 
data  are  shown  as  a function  of  store  pitch  incidence  angle  at  various  Z/D  values.  The 
aerodynamic  coefficients  were  relatively  insensitive  to  changes  in  Z/D.  Data  at  subsonic 
Mach  numbers  were  close  to  free-stream  values.  Changes  in  some  aerodynamic  coefficients 
at  supersonic  Mach  numbers  can  be  seen. 

Aerodynamic  coefficient  data  obtained  for  each  store  model  in  the  flow  field  of 
the  TER  mounted  on  the  pylon  of  the  wing  are  shown  in  Figs.  26  through  30.  Again, 
the  data  are  given  for  various  Z/D  values  as  a function  of  store  pitch  incidence  angle. 
Unlike  data  obtained  near  the  carriage  position  of  the  pylon  alone,  these  data  show 
variations  in  all  aerodynamic  coefficients  with  changes  in  store  vertical  displacement. 
Nose-down  pitching-moment  coefficients  increased  as  the  store  approached  the  number 
one  TER  carriage  position.  Data  obtained  at  Mach  numbers  greater  than  0.5,  A 0 = 0, 
show  that  the  largest  positive  normal-force  coefficient  occurred  at  a Z/D  value  of  0.5 
and  not  at  the  carriage  position. 

A comparison  of  data  in  Figs.  26  and  27  shows  that  the  modified  M-117  boattail 
did  not  produce  any  general  improvement  of  the  large  nose-down  pitching-moment 
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coefficients  which  occurred  at  and  near  the  carriage  position.  However,  a reduction  in 
the  axial-force  coefficient  is  evident  at  all  Mach  numbers;  this  would  seem  to  indicate 
that  the  M-117  boattail  modification  did  alter  the  flow  over  the  store  afterbody. 

Angle-of-attack  effects  for  the  14-in.-diam  maximum  volume  bomb  displaced  vertically 
from  the  carriage  position  can  be  seen  in  Figs.  31  and  32  The  decreased  normal-force 
and  pitching-moment  coefficients  typify  the  effects  of  increased  angle  of  attack  on  all 
store  models. 

Data  obtained  near  the  carriage  position  showing  the  effects  of  roll  orientation  are 
presented  in  Fig.  33  as  a function  of  Mach  number.  These  data  are  for  the  M-l  17,  standard 
boattail  store  model  but  are  representative  of  data  obtained  for  both  the  M-117,  modified 
boattail,  and  the  14-in.-diam  maximum  volume  bomb.  Changing  A 0 from  0 to  45  deg 
produced  a decrease  in  both  the  normal-force  and  pitching-moment  coefficients.  Other 
aerodynamic  coefficients  were  relatively  insensitive  to  roll  and  therefore  are  not  presented. 

Fuse  effects  near  the  carriage  position  are  shown  in  Fig.  34  as  a function  of  Mach 
number.  Data  are  given  only  for  the  12-in.-diam  maximum  volume  bomb  with  and  without 
the  FMU-110  fuse.  These  data  show  that  reduced  normal-force  and  pitching-moment 
coefficients  were  obtained  with  the  addition  of  the  FMU-110  fuse;  similar  effects  were 
seen  for  the  16-in.-diam  bomb,  while  no  effects  were  seen  for  the  14-in.-diam  bomb.  The 
FMU-56  fuse  produced  little,  if  any,  effects  on  the  aerodynamic  characteristics  of  the 
maximum  volume  bombs. 

4.3  TRAJECTORY  DATA 

Shown  in  Figs.  35  through  39  are  the  trajectory  data  for  all  store  models.  Test 
conditions  and  full-scale  store  parameters  are  identified  in  Tables  1 and  4.  The  16-in.-diam 
store  models  were  found  to  separate  only  at  a Mach  number  of  0.5.  The  14-in.-diam 
store  model  separated  at  Mach  numbers  of  0.5  and  0.8,  and  the  12-in.-diam  store  model 
separated  for  Mach  numbers  from  0.5  to  0.9.  The  inability  of  the  stores  to  release  cleanly 
from  the  number  one  TER  position  was  a result  of  large  angular  pitch  rates  which  increased 
as  the  Mach  number  was  increased.  The  rapid  pitch  resulted  in  contact  between  the  released 
store  and  the  adjacent  stores. 

Major  factors  which  influenced  the  above  store  separation  characteristics  are  the  pitch 
inertia  and  the  pitch-damping  derivative.  With  these  parameters  in  mind,  a review  of  the 
store  properties  given  in  Table  4,  along  with  the  data  presented  in  Figs.  17  and  18,  indicate 
that  the  largest  nose-down  pitching-moment  coefficient  allowable  to  obtain  store  separation 
without  impingement  would  be  no  greater  than  -1.1  for  releases  up  to  Mach  number  0.9 
at  an  altitude  of  5,000  ft. 
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Aerodynamic  pressure  distribution  data  were  obtained  in  order  to  verify  theoretical 
pressure  distributions  from  which  the  theoretical  store  aerodynamic  forces  and  moments 
and  separation  characteristics  were  calculated.  Grid  surveys  were  used  to  obtain  pressure 
distributions  around  the  store  model  in  45-deg  increments  from  -135  to  180  deg  at  and 
near  the  number  one  TER  carriage  position.  Pressure  distribution  data  shown  in  Figs. 
40  through  51  were  obtained  in  the  flow  field  of  the  geometrical  TER  mounted  on  the 
pylon  of  the  wing  configuration. 


4.4.1  Carriage  Position  Data 


Pressure  coefficient  data  for  each  model  at  selected  Mach  numbers  are  given  in  Figs. 
40  through  44.  Pressure  coefficient  data  obtained  at  A 0 = 180  deg  (pressure  orifices  away 
from  the  TER)  show  relatively  small  deviations  from  those  pressure  coefficients  obtained 
in  the  free  stream.  However,  pressure  coefficients  obtained  at  A0  = 0 (pressure  orifices 
adjacent  to  the  TER)  show  large  differences  from  the  pressure  coefficients  obtained  in 
the  free  stream.  Pressure  coefficients  obtained  on  the  top  surface  are  larger  at  the  nose 
of  the  model  than  those  seen  on  the  bottom  surface.  These  pressure  differentials  increase 
with  increasing  Mach  number  and  give  rise  to  large  nose-down  pitching  moments,  similar 
to  those  which  were  observed  in  the  force  and  moment  data.  Large  top-to-bottom  pressure 
differentials  are  also  seen  between  X/L  values  of  0.2  and  0.5.  However,  the  forces 
associated  with  these  differentials  are  centered  about  the  eg  and,  therefore,  have  little 
effect  on  the  pitching-moment  characteristics. 


Presented  in  Fig.  45  are  the  pressure  coefficient  distributions  of  the  12-in.-diam 
maximum  volume  bomb  at  an  angle  of  attack  of  5 deg.  Unlike  data  obtained  at  an  angle 
of  attack  of  zero,  these  data  show  that  increasing  the  Mach  number  did  not  cause  large 
increases  in  the  pressure  differentials  at  the  model  nose.  The  reduced  pressure  differential 
at  the  model  nose  decreased  the  nose-down  pitching  moment  and  correlated  well  with 
trends  observed  in  the  force  and  moment  data. 


4.4.2  Grid  Survey  Data 


Effects  of  store  pitch  incidence  angle  at  a vertical  displacement  of  0.5  body  diameters 
on  the  M-117,  standard  boattail  pressure  model  are  shown  in  Figs.  46  through  48. 
Decreasing  the  sfore  incidence  angle  produced  an  increase  in  the  pressure  differential 
between  the  top  and  bottom  surfaces  at  X/L  values  from  0 to  0.2.  This  increase  was 
primarily  responsible  for  both  the  increased  pitching-moment  and  decreased  normal-force 
coefficients  which  were  seen  in  the  force  and  moment  data.  The  remaining  pressure  models 
showed  similar  incidence  angle  effects. 
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A comparison  of  thse  data  and  the  data  presented  in  Fig.  40  shows  that  the  pressure 
differentials  for  X/L  values  from  0 to  0.2  were  indeed  larger  at  the  carriage  position 
than  the  pressure  differentials  obtained  away  from  the  carriage  position.  Therefore,  larger 
nose-down  pitching-moment  coefficients  at  the  carriage  position  would  be  expected. 

Presented  in  Figs.  49  through  51  are  the  pressure  coefficient  distributions  obtained 
on  the  12-in.-diam  maximum  volume  bomb  pressure  model  with  and  without  the  FMU-1 10 
fuse  at  a Z/D  value  of  0.5.  The  data  show  that  the  flow  generally  decelerated  around 
the  model  nose  due  to  the  addition  of  the  fuse.  The  deceleration  was  more  pronounced 
on  the  bottom  surface  (A <p  = 180),  contributing  to  the  reduction  of  the  nose-down 
pitching-moment  coefficient  which  was  seen  in  the  force  and  moment  data. 

5.0  SUMMARY  OF  RESULTS 

Results  of  an  investigation  of  aerodynamic  loads  and  pressure  distributions  on  the 
M-l  17  bomb  and  maximum  volume  bomb  store  models  in  the  flow  field  of  a triple  ejection 
rack  (TER)  on  a simulated  aircraft  wing  are  as  follows: 

1.  Data  obtained  with  the  M-l  17,  standard  boattail  store  model  at  the  number 
one  carriage  position  of  the  geometrical  TER  shape  exhibited  trends  similar 
to  data  obtained  for  the  same  store  model  at  the  number  one  carriage 
position  of  the  simulated  TER  shape,  although  coefficient  magnitudes 
differed. 

2.  Neither  the  M-l  17  boattail  alteration  nor  the  maximum  volume  bomb 
body-diameter  variations  significantly  reduced  the  large  nose-down 
pitching-moment  coefficients  encountered  at  the  number  one  TER  carriage 
position. 

3.  Data  obtained  at  the  number  one  TER  carriage  position  indicated  that 
increasing  wing  angle  of  attack  caused  a reduction  in  nose-down 
pitching-moment  coefficients  for  all  store  models.  This  reduction  increased 
as  the  model  diameter  was  decreased. 

4.  Data  obtained  at  and  near  the  carriage  position  showed  that  the  addition 
of  the  FMU-1 10  fuse  to  the  16-in.-diam  and  12-in.-diam  maximum  volume 
bombs  caused  the  normal-force  and  pitching-moment  coefficients  to 
decrease.  Negligible  effects  were  seen  on  the  14-in.-diam  model. 

5.  Decreased  nose-down  pitching-moment  coefficients  accompanied  increased 
vertical  displacements  from  the  carriage  position. 
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,ICMU1C  cucuiwciu  uaia  snowea  tnat  tne  nose-down  pitching-moment 
coefficients  were  due  in  large  part  to  large  pressure  differentials  that 
occurred  near  the  model  nose.  These  pressure  differentials  increased  as  the 
Mach  number  increased  and  the  vertical  displacement  decreased. 

Complete  separation  trajectories  were  obtained  only  at  a Mach  number  of 
0.5  for  all  I6-in.-diam  store  models.  The  1 4-in. -diam  store  model  separated 
for  Mach  numbers  of  0.5  and  0.8.  The  12-in.-diam  store  model  separated 
for  Mach  numbers  from  0.5  to  0.9. 

The  inability  of  store  models  to  separate  cleanly  from  the  number  one 
TER  position  was  a result  of  large  angular  pitch  rates. 
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a.  Standard  M-117  bomb  configuration 
Free-stream  force  data  for  the  M-117  bombs,  A<p 


c.  12  in.-diam  maximum  volume  bomb 
Figure  11.  Concluded. 
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Figure  19.  Oil-flow  visualization  photograph  of  a standard  M-117  bomb  configuration 
in  the  flow  field  of  a wing-pylon-TER  configuration,  a = 0,  = 0.9. 
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a.  Standard  M-117  bomt 
Figure  ?0.  Carriage  position  airloads 
flow  field  of  the  wing-pyli 
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A 6 CA  N/R 

O 6 Cm  N/R 

V 6 Crt  N/fl 

*►  6 Cf  n/R 


b.  Modified  M-117  bomb  configuration 
Figure  22.  Concluded. 
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Figure  28.  Grid  survey  airloads  of  the  16-i 
in  the  flow  field  of  the  wing-p^ 
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a.  M„.  = 0.5 

Figure  29.  Grid  survey  airloads  of  the  14-in.-diam  maximum  volume  bomb 
in  the  flow  field  of  the  wing-pylon-TER  configuration,  A <p  = 0. 
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FUSE  1/ 0 Afl 

NONE  0 0 

NONE  0 0 

NONE  0 0 


STM 

« 

ReX  10-* 

C0NF 

0 

0.5 

0 

3.02 

4 

0.9 

0 

2.37 

4 

V 

1.1 

0 

2.49 

4 

A$=  90 


x/L 


x/L 


a.  Positive  roll 

Figure  40.  Pressure  distribution  data  on  the  standard  M-117  bomb 
configuration  at  the  number  one  carriage  position 
of  the  wing-pylon-TER  configuration. 
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Config 

No. 

Store  Model 

Fuse 

Type 

4 

M- 117  Standard 

N/A 

6 

M-117  Modified 

N/A 

8 

16- in.  Max.  Vol. 

None 

10 

14-1n.  Max.  Vol. 

10 

14-in.  Max.  Vol. 

n 

12-in.  Max.  Vol. 

Table  1.  Store  Trajectory  Test  Conditions 

Model  Type  Parent 
indard  , N/A  Wing-Pylon-TER  A 


* 
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Legend 


Table  2.  Aerodynamic  Loads  Test  Conditions 


C°NQi9  Store  Model 


1 M- 117  Standard 


M-117  Modified 


16-in.  Max.  Vol . 


14-in.  Max.  Vol. 


FMU-56 


FMU-56 


12-in.  Max.  Vol. 


FMU-56 


FMU-56 


Simulated  TER 


Simulated  TER 


Free  Stream 


Wing-Pylon 

Wing-Pylon 

Wing-Pylon-TER 


Free  Stream 


Wing-Pylon-TER 


FMU-110 


FMU-110 


Free  Stream 


Wing-Pylon-TER 


FMU-110 

FMU-110 


Free  Stream 
Wing-Pylon-Ter 


FMU-110 


Free  Stream 


Store  Position 
and  Orientation 


M«  = 0.5,  0.8,  0.9,  1.1,  and  1.3 
M^  = 0.5,  0.8,  0.9,  and  1.1 

Z/0  = 0 at  A9  = 0,  and  Z/D  = 0.5  and  1.0  at  as  = -5,  0,  and  5 deg 
a = -20  to  20  deg  in  4-deg  Increments 
Carriage  Position  only,  at  M*,  = 1.3 
Carriage  Position  only,  at  = 1.1  and  1.3 


Ajg .. 


**  ■ 
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Table  3.  Concluded 


Config 

No. 


Store  Model 


Parent 


Store  Position  AcJj » 
and  Orientation  deg 


14-in.  Max.  Vol.  FMU-110  Wing-Pylon-TER 


Carr.  Pos. 


None 

FMU-56 


Free  Stream 


FMU-110 


12-in.  Max.  Vol. 


Wing-Pylon-TER 


Carr.  Pos. 


FMU-56 

FMU-56 

FMU-110 


Carr.  Pos. 


Free  Stream 


Legend : 


A:  M„  = 0.5,  0.8,  0.9,  1.1,  and  1.3 
B:  M„  = 0.5,  0.8,  0.9,  and  1.1 

n!  7/n  = £ At  Ae  = 0,  and  Z/D  = 0.5  and  1.0  at  A0  = -5,  0,  and  5 deg 

c:  7m  = 0 at  Ae  = °»  and  Z/D  = 0.5  at  ae  = -5,  0,  and  5 deg 

E:  Z/D  = 0 at  ae  = 0,  and  Z/D  = 0.5  at  Ae  = -5  and  0 deq 

F:  Z/D  = 0.5  and  as  = -5,  0,  and  5 deg 

G:  A$  =180  to  -135  deg  In  45-deg  Increments  (At  zero  roll  orientation, 
the  pressure  orifices  along  the  model  were  in  the  XP  - Zp  plane 
with  the  orifices  adjacent  to  the  pylon  or  TER,  position  number 
one,  surface.) 


n 
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Table  4.  Identification  of  Full-Scale  Store  Parameters 


14-in. -diam 
Maximum  Volume 


12-in. -diam 
Maximum  Volume 


Legend  A:  XCg  Values  Given  in  Tables  1 through  3 


Store 


Parameter 

M-117  Standard 
and  Modified 

16-in. -diam 
Maximum  Volume 

S 

1.396 

1.396 

b 

1.333 

1.333 

m 

23.31 

24.865 

*xx 

4 

4 

lyy 

50 

65 

hz 

50 

65 

*xz 

0 

0 

xcg 

32.88 

See  A 

% 

0 

-0.73 

cmq 

-70 

See  B 

Cnr 

-70 

See  B 

h 

1200 

1200 

\ 

0 

0 

ZE 

0.255 

0.255 

AEUC-TR-75-92 


BL 

b 

CA 

Q 

Co 

xp 

Cm 

Cm  c 

CN 

Cn 


CP 


CY 

FS 

Fz 

Ixx 

hz 

Iyy 

hz 


' 


L 

m 
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NOMENCLATURE 

Aircraft  buttock  line  from  plane  of  symmetry,  in.,  model  scale 

Store  reference  dimension,  ft,  full  scale 

Store  axial-force  coefficient,  axial  force/qJ3 

Store  rolling-moment  coefficient,  rolling  moment/q^Sb 

Store  roll  damping  derivative,  dCg/d(pb/2VJ 


Store  pitching-moment  coefficient,  referenced  to  the  store  eg,  pitching 
moment/qJSb 

Store  pitch-damping  derivative,  dCm/d(qb/2VJ 
Store  normal-force  coefficient,  normal  force/qJS 

Store  yawing-moment  coefficient,  referenced  to  the  store  eg,  yawing 
moment/qJSb 

Store  yaw-damping  derivative,  dCn/d(rb/2VJ 
Local  pressure  coefficient,  (pg  - pj/q^ 

Store  side-force  coefficient,  side  force/qJS 
Aircraft  fuselage  station,  in.,  model  scale 
TER  ejector  force,  lb 

Full-scale  moment  of  inertia  about  the  store  XB  axis,  slug-ft2 

Full-scale  product  of  inertia,  XB-ZB  axis,  slug-ft2 

Full-scale  moment  of  inertia  about  the  store  YB  axis,  slug-ft2 


Full-scale  moment  of  inertia  about  the  store  ZB  axis,  slug-ft2 
Length  of  the  store  model,  in. 

Free-stream  Mach  number 
Full-scale  store  mass,  slugs 
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II 


I 


j 


P 

PC 

Poo 

q 


S 

t 

V 

<x 

X 


X, 


eg 

XL 


XP 

YP 

ZP 


Z, 

Z/D 


a 


Store  angular  velocity  about  the  XB  axis,  radians/sec 

Local  pressure  measured  at  the  model  orifices,  psfa 

Free-strcam  static  pressure,  psfa 

Store  angular  velocity  about  the  YB  axis,  radians/sec 

Free-stream  dynamic  pressure,  psf 

Store  angular  velocity  about  the  ZB  axis,  radians/sec 

Store  reference  area,  ft2,  full  scale 

Real  trajectory  time  from  initiation  of  trajectory,  sec 

Free-stream  velocity,  ft/sec 


Distance  from  nose  of  store  model  to  location  of  a pressure  orifice,  measured 
parallel  to  the  model  axis,  in. 


Full-scale  eg  location,  ft  from  nose  of  store 


Ejector  piston  location  relative  to  the  store  eg,  positive  forward  of  store 
eg,  ft,  full  scale 


Separation  distance  of  the  store  eg  parallel  to  the  pylon  axis  system  Xp 
direction,  ft,  full  scale  measured  from  the  prelaunch  position 


Separation  distance  of  the  store  eg  parallel  to  the  pylon  axis  system  YP 
direction,  ft,  full  scale  measured  from  the  prelaunch  position 


Separation  distance  of  the  store  eg  parallel  to  the  pylon-axis  system  Zp 
direction,  ft,  full  scale  measured  from  the  prelaunch  position 


Ejector  stroke  length,  ft,  full  scale 


Nondimensionalized  separation  distance  of  the  store  eg  parallel  to  the 
pylon-axis  system  Zp  direction,  Zp/store  diameter 


Store,  pylon,  or  TER  model  angle  of  attack  relative  to  the  free-stream 
velocity  vector,  deg 


r 
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r 
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Angle  between  the  store  longitudinal  axis  and  its  projection  in  the  Xp-Yp 
plane,  positive  when  store  nose  is  raised  as  seen  by  pilot,  deg 

Angle  between  the  projection  of  the  store  lateral  axis  in  the  Yp-Zp  plane 
and  the  Yp  axis,  positive  for  clockwise  rotation  when  looking  upstream, 
deg 

Angle  between  the  projection  of  the  store  longitudinal  axis  in  the  Xp-Yp 
plane  and  the  Yp  axis,  positive  when  the  store  nose  is  to  the  right  as  seen 
by  the  pilot,  deg 


PYLON-AXIS  SYSTEM  COORDINATES 


Directions 


Xp  Parallel  to  the  store  longitudinal  axis  in  the  carriage  position,  positive 

direction  is  forward  as  seen  by  the  pilot 

Yp  Perpendicular  to  the  pylon  or  TER  plane  of  symmetry,  positive  is  to  the 

right  as  seen  by  the  pilot 

Zp  Perpendicular  to  both  the  Xp  and  Yp  axes,  positive  is  down  as  seen  by 

the  pilot 

The  pylon-axis  system  origin  is  coincident  with  the  store  eg  in  the  carriage  position. 

Both  the  origin  and  the  direction  of  the  coordinate  axes  remain  fixed  with  respect  to 

the  pylon  or  TER. 

STORE  BODY-AXIS  SYSTEM  COORDINATES 
Directions 


Parallel  to  the  store  longitudinal  axis,  positive  direction  is  upstream  in  the 
prelaunch  position 

Perpendicular  to  the  store  longitudinal  axis,  and  parallel  to  the  pylon-axis 
system  Xp-Yp  plane  when  the  store  is  at  zero  roll  angle,  positive  direction 
is  to  the  right  looking  upstream  when  the  store  is  at  zero  yaw  and  roll 
angles 

Perpendicular  to  both  the  Xb  and  Yb  axes,  positive  direction  is  downward 
as  seen  by  the  pilot  when  the  store  is  at  zero  pitch  and  roll  angles. 


1 

1 


R? 
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The  store  body-axis  system  origin  is  coincident  with  the  store  eg  and  moves  with 
the  store  during  separation  from  the  parent  airplane.  The  XB)  YB,  and  ZB  coordinate 
axes  rotate  with  the  store  in  pitch,  yaw,  and  roll  so  that  mass  moments  of  inertia  about 
the  three  axes  are  not  time-varying  quantities. 


